Abstract: Measurement and evaluation of the bank's operations efficiency requires analytical techniques that provide data beyond those available from the standard analysis of financial statements. The Data Envelopment Analysis (DEA) is a mathematical programming technique that offers valuable insights in finding inefficient banks taking into account the scope of the services and resources used to provide these banking services. The results of the DEA analysis can provide significant information to the bank's management that can supplement the information obtained using traditional techniques for assessing efficiency. The assessment of banks' efficiency in the Republic of Serbia is of particular importance due to intense competition and implemented banking reforms. Therefore, in this paper DEA analysis will be applied for the examination and assessment of the efficiency of the operations of Serbian banks during the period 2014-2016. The analysis will show which of the banks operates efficiently, where the efficiency of the banks is not at a satisfactory level, as well as the potential reasons for inefficiency.
Introduction
Serbian banking system became increasingly integrated and more competitive following a process of banking sector reforms, the reorganization of existing and entry of new banks into the banking system of the Republic of Serbia during the two decades preceding to the global credit crisis that started in late 2007. This process resulted in amplified requirements related to the banks' capital and in a stronger emphasis on the significance of efficiency in the banking sector. In order to remain competitive in individual markets, banks must constantly compare themselves with their competitors, recognize the best and strive to learn from. Stability of financial system represents an important determinant of the overall economic growth.
The purpose of banks' efficiency assessment is the separation of those banks that operate inefficiently from those that operate effectively, that is, the identification of best practices. This kind of assessment is done by applying certain type of frontier analysis. The results of stated assessment can be used either (Berger & Humphrey, 1997) : (1) to notify government policy by evaluating the effects of deregulation, mergers, or market structure on efficiency; (2) to conduct a research by describing the efficiency of a business, provide ranking of firms, or check how evaluated efficiency may be related to the various efficiency techniques employed; or (3) to improve management performance by detecting 'best practices' and 'worst practices' related with high and low level of efficiency, correspondingly, wherein the tendency is to achieve the former practices while discouraging the latter.
Today's conditions require regular analyses of the bank's operations and analysis of the whole competitive market in order to develop an appropriate model for efficiency assessment. An adequate analysis of banks' operations and the identification of factors that cause inefficiency can greatly facilitate decisionmaking for managers. In practice, analysis based on financial indicators is often used, however, this approach in modern conditions does not provide a satisfactory amount of information. In order to carefully identify economic reality, in view of its complexity, it is often required to use methods and tools based on statistics, operations research or econometrics (Barburski, 2013) . Frontier analysis provides a complete, empirically determined, numerical efficiency assessment and ranking of firms that is not otherwise available (Berger & Humphrey, 1997) . In the recent years one of the most commonly used non-parametric frontier technique for efficiency evaluation of banks is Data Envelopment Analysis.
For that reason the main purpose of this paper is to examine and evaluate the efficiency of Serbian banks over the period 2014-2016 in order to investigate the efficiency dynamics of each of the banks. The analysis will show which of the banks operate efficiently and which of the banks have efficiency that is not at a satisfactory level, as well as the potential reasons of inefficiency.
Based on the given objective, the paper is structured so that, in addition to the introduction and conclusion, it contains the following components: (1) Literature review and methodology; (2) Characteristics of the banking sector of the Republic of Serbia; (3) Model formulation and analysis of the results.
Literature review and methodology
In the recent years there has been noted an increased interest of researchers in the determination of the level of efficiency of banks as well as the determinant of obtained efficiency. Consequently, a number of different methods have been applied and the existence of different determinants of bank efficiency has been determined, all in accordance with the purpose of the analysis. Phan et al. (2016) in their paper examine the relations between bank competition, market concentration and X-efficiency in banking on a sample of six emerging Asian countries. They have determined that market concentration, bank size and gross domestic product growth have positive influence on X-efficiency, while competition and liquidity risk have a negative influence on X-efficiency. Azad et al. (2017) have used two-stage data envelopment analysis to investigate bank efficiency in Malaysia. Their findings show that bank nature, bank ownership and gross domestic product have noteworthy effect on bank efficiency. Gardener et al (2011) and Khan (2015) investigate bank efficiency in Southeast Asian Countries. Spulbăr and Niţoi (2014) investigate bank cost efficiency factors in transition economies. They have applied heteroscedastic stochastic frontier model and found the evidence that banks that follow a more cautious strategy, which reflects in average expectations on profitability and lower risk, have greater cost efficiency. Also, their findings have shown that a greater gross domestic product growth rate indicates an intensification in the inefficiency level, demonstrating an untenable bank management conduct. That kind of behavior reflects in adoption of policies that can cause inefficiency in order to obtain greater market share and to acquire higher bonuses in periods of economic growth. Kao and Liu (2016) examine Taiwanese commercial banks and use a parallel production frontiers methodology for intertemporal efficiency analysis. The results specify that the efficiency of these banks enlarged from 2008 to 2013. The improvements in technology were identified as the main determinant of stated increase. Alqahtani et al. (2017) examine the efficiency of Islamic and conventional banks in the GCC (Gulf Cooperation Council) region for the period of and after the global financial crisis using Data Envelopment Analysis and Stochastic Frontier Analysis. Batir et al. (2017) examine conventional and participation banks in Turkey in order to determine their allocative, technical and cost efficiency using Data Envelopment Analysis. Their findings show that the overall loans have a meaningfully positive influence on bank's efficiency while external variables have a significantly negative influence on bank's efficiency, taking into consideration both types of the banks. On the other hand the banks expenses and loan quality have a significantly adverse impact on the conventional banks efficiency, while on the other hand, they have a significantly positive influence on participation banks efficiency. Aiello and Bonanno (2016) evaluate the period 2006-2011 and examine the impact of local market conditions on small mutual-cooperative banks' efficiency. Their findings indicate that efficiency intensifies with demand density and market concentration and declines with the increase of the number of bank branches in local markets. Niţoi and Spulbar (2015) investigate the period from 2005 to 2011 on the sample of six developing countries from Central and Eastern Europe. They use a heteroscedastic stochastic frontier model in order to inspect the differences of commercial banks cost efficiency. The results indicate that the efficiency of commercial banks is positively related to a high macroeconomic stability. However, inefficient banks tend to undertake higher risks. Consequently, banks that have a lower solvency rate, lower liquidity and a greater credit risk are more inefficient than other cautious credit organizations. Yin et al. (2013) apply stochastic frontier analysis over the period 1999-2010 in order to determine the Chinese banks technical efficiency. Sufian and Kamarudin, (2016) , and employ various financial criteria that follow the CAMELS rating system with the application of robust TOPSIS approach. Assaf et al. (2013) examine the period from 2002 to 2010 and assess the efficiency and productivity of Turkish banks using a Bayesian stochastic frontier approach. They have shown that Turkish banks obtained positive productivity growth during the observed period, and identified the improvement in technology as the main determinant of achieved growth. On the other hand, efficiency growth was negative during the observed period. Zuhroh et al. (2015) use Stochastic Frontier Analysis in order to determine cost efficiency of Islamic Banks in Indonesia. The findings show that allocative inefficiency was the main determinant of cost inefficiency of Islamic-Banks. Holod and Lewis (2011) offer an alternative Data Envelopment Analysis bank efficiency model. In their model deposits are observed as an intermediate product, therefore their dual role in the bank production process is highlighted. As a result, the overall impact of deposits quantity on bank efficiency depends on the efficiency at both phases of the bank production process. Data Envelopment Analysis can be also used in the assessment of the influence of internet banking on the Romanian banks performance (Stoica, 2015) . When it comes to assessing the efficiency of the Serbian banking sector, there are not many papers dealing with this issue. Mihailović (2016) has used one nonparametric (Data Envelopment Analysis) and one parametric method (I-distance) in order to evaluate and rank banks in Serbia according to their efficiency, Savić and Radosavljević (2012) use an extended DEA -Window analysis on panel data for the period from 2005 to 2011 in order to assess the efficiency of Serbian banks.
The term Data Envelopment Analysis was firstly introduced by Charnes et al. (1978) grounded on the research of Farrell (1957) . DEA is a linear programming technique where the set of best-practice or frontier observations are those for which no other decision making unit or linear combination of units achieves the same or higher level of every output (for the given inputs level) or uses the same or lesser level of every input (for the given outputs level) (Berger & Humphrey, 1997) . A DEA model can be twofold, it can either minimize inputs or maximize outputs. The focus of input orientation is at reduction of the input amounts as much as possible while retaining at least the current output levels, while an output orientation aims at maximizing output levels while retaining at least the same input levels (Savić & Radosavljević, 2012) .
DEA models are widely used as a tool for estimation of efficiency, performance or productivity of homogenous decision making units. These effects can be denoted as the outputs of the decision making units (Halkos & Salamouris, 2004) . Different types of DEA models are known in the literature. However, the two most frequently used ones are the CCR model (after Charnes, Cooper and Rhodes, 1978 ) and the BCC model (after Banker, Charnes and Cooper, 1984) . The treatment of returns-toscale represents the central dissimilarity between the two models (Jemric & Vujcic, 2002) : BCC model permits variable returns-to-scale while CCR model only allows constant returns-to-scale. Efficiency measurement for each decision making unit (DMU) in CCR model is attained as a maximum of a ratio of weighted sum of outputs to weighted sum of inputs. The solution of the following linear programming model provides the efficiency measure for DMU (Jemric & Vujcic, 2002) :
(1) subject to:
where x ij is the perceived input amount of the i th type of the j th DMU and y rj is the perceived output amount of the r th type for the j th DMU. For the above stated linear programming model, the dual model can be presented as (Jemric & Vujcic, 2002) :
subject to:
The efficiency score obtained by either primal or dual model represents optimal solution 0 * (so-called CCR efficiency or technical efficiency) for the specific DMU. DMUs for which 0 *= 1 are relatively efficient, while DMUs for which 0 * is less than 1 are considered to be relatively inefficient.
Variable returns-to-scale can be allowed in the model by adding a convexity condition for X, i.e. to include one additional constraint in the prior model (Jemric & Vujcic, 2002) :
The subsequent DEA model is referred as the BCC model. The input-oriented BCC model for the DMUs can be formally presented as (Jemric & Vujcic, 2002) :
The obtained values are known as "pure technical efficiency scores", bearing in mind they are attained from a model that permits variable returns-to-scale and hence eliminates the "scale part" from the analysis (Jemric & Vujcic, 2002) . Normally, the obtained CCR efficiency value will not surpass the obtained BCC efficiency value for each DMU.
Characteristics of the banking sector of the Republic of Serbia
Since 2000 Serbian banking sector has experienced a considerable development with the banking sector reform which has resulted in the reduction of the number of state banks, construction of a competitive banking system, as well as restoration of the trust of the population to the banks.
During the decade preceding the reforms of the banking sector, banks have lost their primary function -mobilization of free funds and their placement in profitable projects. Public confidence in the banking sector was lost due to the inability of the depositors to dispose with their assets, as well as due to bad experiences with several pyramid banks during that decade. Due to hyperinflation, dinar deposits completely lost their value, foreign currency savings were frozen, and loans were available only to a narrow circle of citizens and economy, while payment cards did not exist.
Banking sector was characterized by a high level of insolvency and insolvency of the largest banks, an extraordinary level of non-performing loans and a low level of real interest-bearing assets, frozen deposited foreign currency savings and low profitability (Jović, 2012) . Credit activity was limited, or directed almost entirely to a narrow circle of related parties in the presence of significant political influence, highly concentrated in the absence of an adequate credit risk assessment, which resulted in a significant underestimation of the incurred and potential losses and reserves for their coverage.
The banking system changing process started with the transition of the Serbian economy when the country had approximately 90 banks. Since then, until now (for approximately 15 years) the number of banks was more than halved, so that the current number of banks is the result of revoking operating licenses, rehabilitation measures and administration measures undertaken by the National Bank of Serbia, mergers with other banks and the issuance of new licenses for banks. Ownership transformation of the banking sector was carried out primarily through the process of taking over private or privatizing state-owned banks, with strict criteria for assessing the creditworthiness of investors and also with the disabling of the establishment of a monopoly position.
Banks in Serbia are sovereign in their quest of profit-oriented business activities based on the principles of profitability, solvency and liquidity (Savić & Radosavljević, 2012) . At the end of June 2017, the banking sector of Serbia consisted of 31 banks with work permit, with an organizational network of 1,682 business units (34 business units less compared to the end of the preceding quarter) and 23,575 of employees (223 less compared to the end of the preceding quarter) (Banking sector in Serbia: Report for the 2nd quarter of 2017).
The banking sector is highly liquid and solvent -an indicator of capital adequacy at the end of 2016 was over 19% and share of capital in total sources is around 20%.
The banking sector of the Republic of Serbia operated profitable in 2017, with a net financial result before taxation in the amount of 34.1 billion dinars, which represents an improvement over the net profit before tax compared to the same period of the previous year (Banking sector in Serbia: Report for the 2nd quarter of 2017). Return on Assets (ROA) at the end of the second quarter of 2017 was 2.11% (increase by 0.79% compared to the same period in 2016), while return on equity (ROE) amounted to 10.60% (growth by 4.11% compared to the previous year) which means that these indicators are at a satisfactory level.
Model formulation and analysis of the results
The variables included for the input oriented CRS/VRS models are obtained from the income statements and balance sheets of the Serbian banks in the period 2014-2016. The following variables have been used: total assets (Tasset), interest expenditure (InterExp), operating expenditures (OperExp) and number of employees (NumEmp) as inputs, and, interest income (InIncome) and profit before tax (ProfitBT) as outputs. The choice of variables was performed in accordance with the model proposed by Halkos & Salamouris (2004) . Descriptive statistics of the stated variables is presented in the Table 1 . During the process of designing a model it is necessary to examine the correlation between the selected variables. The existence of highly correlated variables in the same input or output group could lower model's discrimination power, therefore, some authors suggest that highly correlated variables should be excluded from the model (Avkiran, 1999) . However, some other authors claim that high correlation among variables would not alter the efficiency scores and therefore highly correlated variables should not be excluded from a model (Rhodes & Southwick, 1993; Charnes et al., 1994) . Correlation coefficients on input-output data are given in the Table 2 and they show the existence of highly correlated variables. The obtained coefficients indicate a high level of correlation, however, bearing in mind the non-parametric nature of DEA, as well as the above stated opinions, the results of efficiency analysis will be valid but should be interpreted with caution. In the Table 1 descriptive statistics of the variables is presented and shows a large dispersion in data, therefore it is necessary to solve the problem of data imbalance. This problem can be solved by normalization of variables which will create comparable values. The normalization of the data is performed as proposed by Sarkis (2007) . Efficiency scores are obtained using the Efficiency Measurement System (EMS) software created by Holger Scheel at University of Dortmund, Germany. Based on the obtained results, it can be determined that, under the assumption of the VRS 11 banks in 2014 operated effectively, 8 in 2015 and 9 in 2016. Under the assumption of CRS, the number of banks that efficiently operated in 2014 is 7, 6 in 2015, while 5 banks operated efficiently in 2016. Given the fact that the subject of the analysis was efficiency of 87 banks (29 per year) it can be concluded that more than two thirds of the banks operated inefficiently in the analysed period.
Further, scale scores are analysed. Scale scores are calculated as ratio of technical efficiency (CRS) and pure technical efficiency (VRS). As stated in Thanassoulis (2001) , if the pure technical efficiency (VRS) and technical efficiency (CRS) of a DMU are equivalent then scale efficiency is 1. No adverse influence of scale size on productivity of DMU can be identified. On the other hand, if the DMU has higher VRS efficiency scores compared to CRS efficiency scores then its scale efficiency will be beneath 1. The higher VRS efficiency ratings compared to CRS efficiency ratings indicate that the DMU is more productive when there is no control of its scale size and less productive when there is a control for scale size (Halkos & Salamouris, 2004) . This leads to the conclusion that there is an influence of scale operation on the efficiency of the DMU. Subsequently, the higher discrepancy between CRS and VRS efficiency ratings will lead to the lower scale efficiency value, which will enhance negative influence of scale size on productivity.
Further on, the results of efficiency for 2016 will be analysed in more detail. As can be seen, several banks (Alpha bank, Halkbank, Credit Agricole, mts, Erste bank, Addico bank, Komercijalna, OTP, Piraeus, Poštanska štedionica and Sberbank) have low efficiency VRS scores (below 0.9) and relatively high scale efficiency (above 0.9). That means that the overall inefficiency of the bank in the CRS model (less than 0.85) is attributed mainly to inefficient operations or management.
Additionally, the situation where bank has a completely efficient VRS rating and low scale efficiency value could lead to the conclusion that overall bank's inefficiency occurred due to disadvantageous conditions. Srpska bank represent an example of the stated situation, where its VRS efficiency score is 1 and a scale score is relatively low (0.83). The same holds also for other banks such as Intesa, Unicredit and VTB.
Conclusion
The question of banks' efficiency plays a significant role in contemporary conditions bearing in mind that performance of financial sector is one of the main determinants of overall economic development of a country. Adequate analysis of efficiency can provide important information to decision-makers in inefficient companies and help them to use their resources efficiently and to improve their performance.
In this paper we have assessed relative efficiency of commercial banks in the Serbian banking market during the period 2014-2016 with the application of Data Envelopment Analysis. The DEA method is one of the potential ways of evaluating the performance of banks that has certain advantages over the traditional method of measuring the efficiency using financial indicators. Compared to traditional financial analysis which is based on the financial ratios DEA has several advantages. The main advantage is that DEA gives a comprehensive objective numerical value, ranking, and proposes ways of efficiency enhancement for each one of the inefficient units.
The findings of our study indicate that almost two-thirds of banks operated inefficiently in the observed period, while the main causes of inefficiency were identified inefficient operations or management or disadvantageous conditions. However, our study faces with the limitations regarding existence of highly correlated variables therefore the results of the analysis should be treated with caution.
The paper contributes to the empirical literature in the field of bank's efficiency assessment by providing empirical data regarding efficiency analysis of commercial banks in the Republic of Serbia. The study could be extended in a variety of directions, the most important one being to complement the analysis by extending the sample with the data form years before 2014 and therefore increase the number observations, which could potentially resolve the problem of high correlation among variables. Also, stated extension of sample could provide an opportunity for application of Window DEA analysis. 
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